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{57] ABSTRACT 

An interbody fusion device in one embodiment includes a 
t^)ered body defining a hollow intedor for receiving bone 
graft or bone substitute material, The body <kfincs cxtexiar 
threads which are intemipted over portions of the outo: 
surface of the device. The fusi<»i device defines tninca|ed 
side walls so that on end view the body takes on a cylindrical 
form. The side walls arc provided with vascularization 
openings, and the body wall device indodes opposite bone 
in^wth slots extending through the intcnx5>ted ttnead 
porti^w of file body. In another embodiment^ the tq>ered 
body is soM and fonned of apGcous bioccmpatible niatedal 
havhig sufficient stmctural integrity to maintain the intra^ 
discal space and noanal curvatue. The material is prefer- 
ably a porous tantalum having fiilly interconnected pores to 
fadlitate conqilete bcote tissue ingrowth into the inifdan^ 
implant driver is provided which ^ages the truncated side 
walls to oonq)letc the cylindrical fonn of die in^lant at file 
root diaiirtcx of the intcirupted threads, to tfaer^ &Gtlitate 
fiireaded ii^ettion of ttie iiqp>lant to the intra-discal space 
bm^eena(yaoentvertebra& Mediods for posterior and ante- 
rior insertion of die fusion device are also disdosed. 

7 Claims, 11 Drawfaig j%ecte 
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INTERBODY FUSION DEVICE AND is typically in the foim of a right drcnlar cylinder Other 

METHOD FOR RESTORATION OF NORMAL ixnplaiits have been dcvdopcd far interbody fusion that do 

SPINAL ANATOMY not have a constant cross section. For instance, Ac patent to 

TiAncnRmiNm OFTHRiNVEmmN McKenna, U.S. Pat No. 4,714,469 shows a hemispherical 

BACKGROUND OF THE INVENTIUK ^ in^t with elongated protuberances that project into the 

The present application is a continuation-in-part erf vert^jtral end plate. The patent to Kuntz, U^. Pat No. 

co-pending application, Sei: No. 08/411,017, having the 4,714^469, shows a bullet shq>ed prosthesis configured to 

same title and named inventors, filed on Mar. 27, 1995 » and opttmize a Mction fit between the prosthesis and the adja- 

still pending. cent vertebral bodies. Hnally, the inq>lant of Bagby, U.S. 

Theprcsentinvcntionielatcs to an artificial implant to be Fat No. 4,936,848 is in the fonn of a sphere wbkh is 

placed into the intervertebral space left after the removal of preferably positioned between tiie centnims of the adjacent 

a damaged spinal disc. Specifically, the invention concerns vertebrae^ 

an implant that facilitates arthrodesis g£ fast(m between Interbody fusion devices can be generally divided into 

adjacent vertebrae v^ule also maintaining or restoring die two basic categocies, namely solid in:^>lant8 and implants 

nacmal spinal anatonoiy at the particular vesrtelnral level. ^at are designed to permit bone ingrowth. Sdid in^lants 

The number of spinal surgeries to oomtit the causes of are represented by U.S. Pat Nos. 4,878,915; 4,743,256; 
low back pain has steadily increased over the last several 4349^^1 and 4,714,469. The remaining patents discussed 
years. Most oftoi, low back pain originates from damage or above include some aspect that permits bone to grow across 
defects in die sphial disc between a^aoent vertdsrae. Hie the implant It has been found that devices that promote 
disc can be herniated or can t)e suffering from a variety of 20 natural bone ingrowth achieve a more ispid and stable 
degenerative conditions, so that in either case the anatomical arthrodesis. The device depicted in die Mididson patent is 
fimction of the qilnal disc is disn^>ted. Hie most prevalent rqresentative of this type of hoUow inqilant winxh is 
surgical treatment for these types of condidoiis has been to ^pically filled with autblogous bosie prior to insertion into 
fuse the two vertebrae surrouodii^tite affected disc. In most the intrandiscal space. This ingilant incl ud es a plurality of 
cases, the entire disc will be removed, except for tiie 25 circular apertures "wtdih communicate with the hollow inte- 
annulus, by way of a disoectomy procedure. Since the nor of die inqilant, thereby fsoviding a patii for tissue 
damaged disc 'rnatenA\ has been removed, something must growth betweoi the vertebral end plates and die bone or 
be portioned within the intra-discal space, otherwise the bone substitute within the inq>]ant In preparing ttie intra- 
qpace may c<dlq>se resulting in damage to the nerves discal space, the end plates are preferably reduced to bleed- 
extending slong die spinal column. 3q ing bone to fidlitate tills tissue ingiDWtLIXgii^ fusion, the 

In order to prevent tiiis disc space coUqpse, ttie intra- metal structure provided by tfie MidielsoD implant bcJps 

discal space is filled with b<Mie or a bone substitute in order maintain die patency and stabOity of die motkai segment to 

to fuse die two adjacent vertebrae together. In eariy be fused. In addition, once arthrodesis occurs^ die implant 

techniques, bone material was sinqdy disposed t>etween the itsdf serves as a sort of anchor for die solid bony mass, 

adjac^ vertebrae, typicaEy at the posterior aspect of the 35 A number of diffinitties still remain witii the many 

vertebrae, and die spinal column was stafamzBd by way of a interbody fusion device cmrcody available^ While it is 

plate or a rod spanning the affected vertebrae. Wi3ih this recogniicd that hotQow iiiq>lants diat permit bone ii^irowth 

technique once fbsion occuzrod the hardware used to main- into bone or bone substitute within tiie inylant is an opri- 

tain the stability the segment became siqperfluons. mum technique for achieving fusion, most of the prior art 

Moreover, the surgical procedures necessary to inqilant a rod 40 devices have difficulty in achieving this fiision, at least 

cr plate to stabilize the level during fiision were firequently without the aid of some additional stabilizing device, such as 

lengdiy and involved. a rod or plate. Moreovei; some of diese devices are not 

B was durtfbce determined diat a more optinunnsototion sUwlnraUy strong enoug^i to support die heavy loads and 

to ti)e stabilization of an cscdsed disc cpace is to ftise die bending moaneots applied at die most freqnendy fused 

vertdjorae between dieir respective end jdates, most optf- 45 vertebral levels, naincly diose in die lower Inmbax 

mally without the need for anterior or posterior plating. . There has been a need for providing an interbody fusion 

There have been an extensive number of attenqvts to develop device diat optiinizes the bone ingrowth cqjabiHties but is 

an acceptable intrardiscal implant diat could be used to still strong enough to siq^wrt die spine segment until 

replace a damaged disc and yet mamtain die stability of die arthrodesis occurs. B has been found by the present in ven- 

disc interspace between die a^acentvcatebrae, at least until 30 tors diat openings into a hollow imf^ for bone ingrowdi 

ooasfAete^ arthrodesis is achieved. These Interbody fusion play an important role In avoiding stress sfaidding of the 

devices'* have taken many forms. For example, cxie of die aulologotts lx>ne impacted within the inqdant la other 

m£re prevalent designs takes the form of a c^^drical words, if die ingrowth openings are imp iopc riy sized or 

inqilant These types of implants are iqHesented by the configured, djc autologous lx»e will not endure the loading 

patentstoBagby,U.S. Pat Na 4,501,269; Brantigan,U.S 55 that is lypicaQy found to be necessary to ensure rapid and 

Fat Na 4,878,915; Ray, U.S. Fat Nos. 4,961,740 and ooo^Icte fusuHL In this instance, die bone in^acted widun 

5,055,104; and Michdson, U.S. Pat No. 5,015,247: In these the implant may resorfo or evolve into simply fibrous tissue, 

cylindrical in^lants, the exterior portion of the cylinder can radier than a bony fusion mass, whidi leads to a generally 

be threaded to facilitate insertion of the intettx>dy fUsion unstable construction. On the other hand, the bone ingrowth 

device, as represented by the Ray,Bxantigan and Micfaelson 60 openings must not be so csEtemive diat the cage provides 

patents. In alternative, some of die fiision im plnfrfu arc insufficient siq)port to avoid subsidence into die adjacent 

dedgned to be pounded into die intra-discal space and die vertebrae. 

vertebral end plates. These types oi devices are rqiresented Anodicr problem that is not addressed by the above prior 

by die patents to Brantigan, U.S. Pat Nos. 4,743,256; devices concerns maintaining or restoring the normal 

4>834,757 and 5,192327. 65 anatomy of the fused spinal segment Naturally, once die 

In each of the above listed patents, die transverse cross disc is removed, the normal lordotic or kyphotic curvature of 

section of die implant is constant throughout its length and the spine is eliminated. With die prior devices, the need to 
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restore tins curvature Is neglected. For exan^le, in one type A driving tool is prcfvided for inserting the fusion device 
<rf coimnerdal device, the B AK device of Spinelfech, as within the intra-discal space. In one feature, the driving tool 
represented by the patent to Bagby, U.S. Pat No. 4,501^69, Includes a shaft having a pair of opposite tapered tongs 
the adjacent vertehral bodies are reamed witti a cylindrical situated at one end. The tongs are connected to ttie shaft by 
reamer that fits the particular inq^lant In some cases, the 5 way of a hinge slot that biases the tongs apart to receive a 
normal curvature is estoWished prior to reaming and then the fusion device tiictebetween. The driving tool is further 
implant insetted. This type of construct is illustrated in FIG. provided with a sleeve concentrically disposed about Ae 
I which reveals the dqith of penetration of the cylindrical shaft and configured to slide along the shaft and compress 
implant into tiie generally heahhy vcitcihrae adjacent the the hinge to push the tongs together to grip the fusion device, 
instrumented discal ^cc. However, this over-reaming of to Alternatively, an internal expanding collet may be used to 
the post^OT portion is generally not wdl accepted because internally hold the fusiwi device securely daring insertion, 
of the rraioval of toring bone <rf the vntchtae, and one aspect of the driving tool, the tapered tongs have 

bccauseUMt^ an outar surface that takes on the form of the%«ed 

poruon me lower lumbar segment where the lordosis is cylindrical portions of the fusion device. The tones also have 
greatest In most cases nring miplants of this type, no effort 13 » flat inwaid £»ang suiface to conespond toTe flat side 
IS made to restore flie lordotic catvature, so ttiat the cylin- smfaces «rf flie iusiaii device. Thus, when the tones are 
IS likely to cause a kyphotic deformity as the compressed against the fusion device, the inward feeing 
vatcteasctdes around the miplant This phenomenon can surfaces of the tongs contact the flat sides of the ftision 
cfto lead to revision surgaies because Ae spine beccanes device and Ae outer surface of the tongs conq>lete the 

20 conical fwm of the fusion device to fedlitalc scrcw-in 
In view of these limitations of the prior devices, there insertion. TTie inward fadng surface ofthe tongs may also be 
remains a need for an interbody fusion device that can provided with projecticos to engage openings in the fusion 
optimize bone ingrowth while stiU maintainin g its strength device to permit driving and rotation of the device within Ac 
and stafaili^. There is further a needfor such anin^^lant that intra-discal space. 

^^S!^^.!'?'^!^^^ ^ Ihanothaaq«:toftheimrention,me4hodsareprovidcd 

anatomy at the ^^trumenu^ ^Jf-J*^ T ^ for implantinglTfusion device between adjacenty^^ 
steong ajough to support and ^^ndAe heayy 1^ ^^Tmcth^d, die approach is anterior iad inchides the 

^Kf'V^*' Ac mstnimentcd level, while steps of dibting the ^^^space and driOing the end plato 
remaming stable ttmnigbout the duration. t^c adjacent vertchiae to the minor diameter of the fusion 

SUMMAfiY OF THE INVENTION ^ device threads. A sleeve is inserted to provide a woifchig 

In rej^wnsc to the needs still left unresolved by the prior ^ the drilling step and the subsequent step of 

devices, the present invention contemplates a hollow mylfurtmg the faaion devfce. The inqxla^ 
ttttcaded interbody fiision device configured to rcstw the ™ tool, inserted througji die aleerve and threaded 

nonnal angular relation between atyaceait vatehrae- In « ^ *epr^»ared bore. Tlie depfe of insertion of the tiq^ 
particular, die device Indudes an elongated body, tapexed ^T^L^T^ detennines the amount of angular separation 
along stibstantially its Mitirc length, deflnhig a hollow Inte- ooncvcd for the adjacent vertebrae, 
lior and having an outer diameter greater than the size of the In another inventive metihod, the inserton site is prepared 
apace between the adjacent vertebrae. The body indudes an ppsterit^y, namdy the disc space is dilated and a minoar 
outer suiface with opposite t^xaed cylindrical portioiK and 40 is drilled into die vertebral endplatcs. A sleeve 

a pair of opposite flat tq>ered side suifaces between die is also acranged to prorvide a working channel for the drilling 
cylindrical portkms. Thus, at an end view, the fusion device inscrticm steps. The fusion device is insested into die 

gives die qipeanuice of a cyUndrical body in which die sides <ltilled ho^ wrdi the flat side walls fadng the acyaoait 
of the body have been truncated along a chord of the body's vertebra. The device is ttien rotated so that the external 
outer diameter The cyKndrical portions are threaded for 45 on the cylindrical portion cut into and engage the 

controlled insertion and engagement into the end plates of a^^c^t vertebrae. In additioii, since die fusion device is 
die adjacent vcrt^vae. tapacdy die tq)exed outer sntfece of the device will angu- 

Ih anodicf aspect of flic invention, die outer surface is sq)arate the adjacent vertrfirae to restore the nonnal 

tapered along its lengtti at an angle c<wc8ponding» in one anatomic lordosis. 

embodiment, to the normal lordotic ans^ of lower lumbar 50 DESCRIPnON OF TUB FIGURES 

veftebrae.lheouter surface is also provided with a number 

cf vascularization openings deflned in tiie flat side surfaces, FKr. lis a rfde-cicvational view in flie sagittal plane of a 
andapairc^dongatedoppositeboneingrowflislotsdc^ned ^ns^on device of d» prior art 

in the cylindrical portions. The borne ingrowth slots have a 2 is an oilarged pexspccdve view of an interbody 

transverscwidthdiati8pre£eTably^x>uthalf of the effective S5 furi<Mi device acootdtng to one einbodiment of the present 
widtti of the c^indrical porticms wittiin whidi flie slots arc invention. 

defined. FEG. 3 is a side Gcoss-sectional view of the interbody 

In another embodiment, die interbody fiiaion device ^sion device shown in FK}. 2, taken along line ^—3 as 
retains the same tapered configuration of die above viewed in die direction of the arrows, 
embodiment, along widi the truncated sidew waOs and 60 FIG. 4 is an radelevational view from die anterior end 
intemipted external threads. However, in this embodiment, intexfoodty ftislon device shown in FIG. 2. 

die implant is not hollow but is instead solid. Bone ingrofwth . FIG. 5 is a top^elevadonal view of the interbody fusion 
is achieved by farming the solid tapered inoplant of a porous device shown in FIG. 2. 

high strengdi material tht permits bone ingrowfli into inter- FKJ. 6 is an A-P lateral view from flie antedor aspect of 
connected pores while retaining sufficient material for struc- 6s the spine showing two interbody fusion devices according to 
tural stability in situ. In one preferred embodiment, die FIG. 2 inqilanted within the interbody space between L4 and 
material is porous tantahim. L5. 
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no. 7 is a sagittal plane view of the interbody ftision The threads 18 and 19 can takp several fcnm known in die 

devioe'inmlanted between U and L5 shown in HG. 6. art for engagement into vertebral bone. For instance, the 

T? *i . _f u threads can have a triangular cross-section or a truncated 

^^^•f^'^^T^'"'''^'^- Slar cross-section, fteferably, the threads have a 

of the interbody fusion device according to the present ^ height of LO mm (0.039 in) in orto to provide adetpu^ 

faivention. purchase in the vertchral bone so ttiat the fusion device 10 

FIG. 8A is a perspective view of another embodiment of jg driven out of flie intra-discal space by the high loads 

a tapacd interbody fusion device according to die present experienced by the spine. The thread pitch in certain specific 

invention. embodiments can be 23 mm(0.091 in) or 3.0mm (0.118 in), 

FIG. 9 is a top-devational view of an implant driver depending upon the vertetnal level at which tiie device 10 is 

according to another aspect of the present invention. to be inq>lanted and the amount <^ thread ^g^ement 

FIG. 10 is an enlarged paspective view of the end of the necessary to hdd the implant in position. 

inxplaot driver engaged about an intabody fusion device, as Id one aspect of the invention, the conical body 11, and 

depicted in FIG. 2. particularly die bocty wall 16, includes parallel truncated 

FIG. 11 is an enlarged partial side aoss^onal view 15 sidewalk A shown mat dearly in HG. 4^ 

showing the inmlant Mv^Tcngaging the intabody fusion are preferably flat to fedhtote insertion of t^ 

device, as shZTnO. 10.^^^ betwe« the end plates of a^aoent v«*^brae and pro^d^ 

,„ . , ^ ^ . ^ t ' area between fca: bcHiy fusion. The truncated side walls 

FIG. U IS an enlarge partial si<te cr«s-sectl<m^ view ^ u of the device up to the 

^ow^ an impknt a^native embody ^ threads 19 at the posterior end 13. Thus^tfth the 

adapted for engaging the interbody fusion device 10. 2D ^ ^ FJ^^ appearance 

FIGS . 13(o)-12(d) show four st^ of a method in acc<r- at its end view of an incon^lete dWe in ^iliich the sides arc 

dance with one aq;>ect of the invention for in^danting the cut across a chcnl of the aide. In one specific cxan^le, the 

inteibody fusion device, sudi as the device shown in FIG, i interbody fixsion device 10 has a diameter at its anterior end 

FIGS. 14(a)-13(<0 depict stq;>s of an ahemative meOiod ^3 of 16.0 mm (0.630 in). In this spcd&c cmbodimeot, fho 

for tmplanring dw interbody fusion device, such as die truncated side walls 22 arc fonned along parallddiord lines 

device shown m FIG. 2. approaniatdy 12.0 mm (0.472 in) apart, so that die removed 

r.^ r^,^ ™x,r^«™ arc portion of flie aide rougjdy subtends 90* at each side of 

'^^^^^^^^^ii^^ JI^JS™^ the dCTice. Other benefits and advantages provided by die 

EMBODIMENTS 3^ truncated side walls 22 ctf the fusion device 10 wfll be 

For die purposes of promottng an understanding of die described in more detail herein, 

princ^les of die invention, refeence will now be made to The oofdcal body 11 of die device 10 include? a pair of 

the eaiibodiments illnstrated in the drawings and specific vascularization openings 24 and 25 defined throu^ eadi of 

language wiU be used to describe the same. B will never- the truncated side walls 22. These openings 24 and 25 are 

thdess be underwood diat no liooitalioin of the scope of die 55 adapttd to be oii^iled in a lateral direction or facing die 

invradon is thereby intended, alterations and further sagittal plane wtien the fosion device is ijDD^ilaiited within the 

modifications in die iOnstrated device, and such furdier intra^discal space. The openings are intended to provide a 

qjplications of the principles cf the invention as ilbistrated passagjBway for vascularizatiaa to occur between the bone 

dicrdn tKing contenq^iatcd as would nosma&y occur to one implaBt material widiin the hoUow interior 15 and the 

skOkd in die art to which the invention relates. 40 surrounding tissue. In addition, some bene ingrowth may 

An interbody fusion device 10 in acocrdance widi one also occur through fiiesc openings. The openings 24 and 25 
aspect of die present inventioa is in FIGS. 2-5. The have been sized to foovide opthiinm passage fior vascular- 
device is fbrined by a solid conicd bo<fy 11« diat is pref ex- ization to occur, while stiUretahdng a significant amount of 
aWy fccned of a biocOT^jaribJe oar inert materiaL Fior structure in Ac conkal body 11 to si^iport die axial 
emx^ile, the body 11 can be made of a medical grade 4s loads pas^ across die intra-discal space bctweoia^accnt 
staiidess steel or tftanium,Grodier suitable nmterial having vertdirae. 

adequate strengdi characteristics set fordi herein. The device The conical body 11 also defines opposite bone ingrowth 

may also be oosi^xised cf a biocoaqpatible porous material, slots 27, each of which arc oriented at 90^ to die truncated 

such as porous tantalum provided by Implex Corp. For side walls 22. Preferably^diese slots 27 are directly acyaceot 

puqK>ses of icfereace^ die device 10 has an anterior end 12 50 the vertebral cad plates ^dten the device 10 is implanted, 

and a posterior oui 13i» whidi cofre^>oad to die anatomic Moreparticulariy, BSthedneadsl8andl9ofthedeviceare 

position of die device 10 when imi^anted in the intrfr^iscal screwed into the vertebral cndplates, the vertebral bone will 

space. The conical body 11 defines a hcUow hiterior 15 extend partially into ttie slc^ 27 to contact bcHie inqplant 

which is bounded by a body waU 16 and dosed at the material contained within the hoUow interior 15 of die 

posterior «id 13 by an end wdl 17 (see ITO. 3). The hollow 55 device 10. As shown more deariy in FIG. 5, die bone 

intericr 15 of die device 10 is confignred to receive autograft ingrowth slots 27 are configured to prorvide mafximnm 

t)one or a t>one substitute noateiialad^ited to prcHQOte a solid opemng for bone ingrowdi, in order to ensure complete 

ft^ian between adjacent vertebrae and across die intra-discal arthrodesis and a sothd fusion. Preferably, fbe slots have a 

space. lateral widtti that approximates the effective widdi of the 

la accccdance widi die invention, die interbo^ fusion 60 threaded portions of die body. It has been found diat die prior 

device 10 is a direaded device onKfigored to \x screw devices which utOize a phnality of small apertures do not 
direaded into die end plates of die adjacent vertetxrae. In one promote a n^d and solid ardirodesb of the bone mfltrrial . 
embodhnent of the hiventi0n, the conical body 11 defines a Instead, die smaller apertures often lead to pseudo-artfarosis 
series of interrupted extcnud dneads 18 and a conqtlete andthc generation offibrous tissue. Since die bone ingrowdi 
diread 19 at die leading end <^ die inq)lant. The conqiletc 65 slots 27 of tiie present invention are direcdy fedng die 
dncad 19 serves as a "starter" thread for screwing die vert^e,diey are not simated in a portion of die device diat 
implant into die vertebral endplales at the intra-discal space. nuist bear high loads. Instead, die truncated side walls 22 


05/21/2003, EAST Version: 1.03.0002 


5,669,909 

7 8 

win bear most of the load passing between the vertebral end of flie vascularization openings 24, 25 and slots 27 provide 

plates through the intaruptcd threads 18 and across the optiinmn bone ingrowth and vascularization. In addition, 

intra-discal space. these openings are not so large that they conqiromise the 

In a farther feature, the anterior end 12 of the body wall structural integrity of the device or that ttiey permit the bone 

16 can define a pair of diametrically opposed notches 29, 5 graft material contained wittiin the hollow intcricff 15 to be 

which are configured to engage an implant driva tool as easily expelled during iii^>lantation. 

(tescrfced hcrdn. Moeovcr, the end wall 17 at the posterior As can be seen in FIG, 7, when the device is in position 

end 13 of the inqilant can be provided with a tool engager between the M and L5 vertebrae, the vascularizationopen- 

ment feature (not showpX For example, a hex recess can be ings 24 and 25 arc side facing to contact Ac highly vascu- 

^ovided to accommodate a hex dnvcr tool as described larized tissue surrounding the vertetrae. In addition, as can 

™^ be seen in FIG. 6, the bone Ingrowth slots 27 are axially 

In one important feature of the interbody fusion device (rf directed so that they contact the vertebral end plates R 

the present invention, the body U Indndes a t^wed or 3h an alternative embodiment of the invention, shown in 

conical fonn. In otiio: words, the outer diameter of fte HG. 8, an interi>ody fuaon device 30 is fbmed of a conical 

<teWceatiteantenOT «d l2 isl^ body 31. The body waU 34 defines a hollow interim 33 as 

at die posterior end 13. As depicted m FIG. 3, the body wan with the fusion device 10 of die wevious embodiment 

16 ^crs at an A about ^ centeriine CL of the device However, in this embodiment the truncated side wall 38 does 

W. Hie tapca: of tiie body wall 16 is adapted to restiae the not inchide any vascularization wxsnings. Moreover, the 

normal relative angte between adjacent vatcbrae. For bone ingrowth slots 39 on ci)posite sides of ti» device 30 are 

cxampl^ in the Iimbar region, tiie an^e A is ad^ to smaller. TTiis means tiiat the iitonmted tiireads 36 on the 

restore the noinallontotic angle a^ 20 exterior of fl» device 30 extend a grcahsr length arcmnd the 

m tfiat r^on. In one gnxafic raian^le, die angle A is 8.794^ imphoL Such a design could be utilized if a porous material 

Bis uiKlerst^ that the im^ may have non-tapered (e.g., porous tantalum) were used to provide additional 

pOTtions^ pfoWded that tiie portions do not otherwise inter- surface area for tissue ingtowdi and ancbordge to flie adja- 

fcrc with die function of tiict^)e«d body. cent bone. Also, this intobocty fusion device 30 of Se 

The tq)erat«lc A of die uxqilant, coupled with die outer 2s embodiment shown in FIG. 8 can have plication at certain 

diameter at the anterior and posterior ends of the fusion vcitetsal levels where die risk of expulsion of die device is 

device 10, define die amount of angular spreading diat will greatest Consequcntiy, die amount of diread contact is 

occur between the adjacent vertetsae as die implant is increased to prevent sudi expulsion. Prior to inscrticHi, die 

placed or screwed into position. This feature is dqncted hollow interior 15 of die fiision device 10 is filled com- 

niorecleariy in FIGS. 6 and 7 in iK^iicA a preferred construct ^ pletely widi bone or substitute to facilitate dtis pre-loadinff. 

^^L^t^ ^ • embodfanent using a porous mataialT^ 

deleted oonstrurt, dic devices arc between die inteibodty fusion device 11 0 of FIG. SA retains die tapaed 

ir.SLi^Si'^j:^'^^ configuration of the previous embodiments, but 

Wttircad^itotheaid^a^ instead of boai<w. The device mcoiiqriscs a tmaedbod^ 

^inna7,asthedei^W m having an larger omer diamcta^^Sfto^ 

plates E, it ftdrornxsm die tiian at its posterior end 113. TTic entire bo^ 111 is solid 

^l^^'n'^^'f^''^^^^'?-'^^^"^^^ teavingadoscdsuifaccsudias8urfiicell5,tfbodiendsof 

nomina^rAc ^Ux (tfrdativc rotation between the adja- die in^toit The device indndes die intenuptedttireads U8, 

cent vertdaac^die nc^on si^picnL As die t^ed fusion startartiireads 119 and truncated side walls 122 of die prior 

dev^ If is dnven forjcr m the direction of die arrow I embodimearts. A driving tool slot 129 can also be definSlS 

tow«dfiiepivot«isP,ftc^acentv^^ 40 die end surface 115. Alternatively, die startartiireads 119 can 

ai^rfarly |TOdm die direction S. Depdiof be caiminated leaving an undaeaded cylindrical portion at 

i^rtonctf&e fiiaon device 10 wi^ die posterior end of die in9>lant Similar^, die diKiiig tool 

lordotic ans^e L achieved between die two vertebrae. slot 129 take c«i many configurations de^dhig inxm die 

Id specific embodiments of die Jn^lant 10, die outer design of die tool used to insert die device 110 into die 
diannto or thread crest diameter at the anterior end 12 can 45 intradiscal space. 

^^^nk^^^^Ti"^!?*'?^^**?^^^*^**^^^ The benefits of tiic embodiment of die fiision device 

nun. ■aesijig of die device IS driven ty die vertebral level shown in FTO. SAare especid^ jq)predated by die use of a 

Jto whidi die dcwce is inqplanted and die amount of angle poious, hig^ strengdi material to fonn dus solid body IIL In 

ttiat must be developed. ^ preferred embodiment, dtis material is a porous 

In anodier a^M ol die invention, device 10 is dzed so ^ tantBlunwarix>ncon4>03iteinai±Btedt^fomlexCoi^ 

diat two such cylindrical bodies 11 can be in^planted into a die tradename HEDROCEL® and described in U.S.P^ No 

angle dbc ^Mce, as shown in HG. 6. TTus permits die 5,282361 to Kqplan, ^ch descrq>ti<Ki is inccopofHted 

placement of additional bone graft material between and hcrdn by reference Due to the nature of the HEDROCEL® 

around die devices 10 in situ. This aspect fimher prcxnotes material, tiie entire exterior surface of die solM body Ul 

fiiacn across die intra-discal sjwu* and also saves to more indodes pores 130 diat are intEtconnected throu^out die 

firmly anchor die devices between die adjacent vertebrae to body. The substrate of die HTOROCEL® carbon-tantatam 

jTCVcntcxpulaiOTiduetodiehig^iaxialloadsatdieparticular conqposite is a skeleton of vitreous carbon, a a reticulated 

vertcteal level. open cell carbon foam, yduch defines a netwosk of inter- 

In one specific embodtmoit of die interbody fiision device connecting pores. The substrate is infiltrated with a v^Kr- 

10, the vasc ul ariza ti on opening 24 is generally rectangular d^sited tMn fihn of tantahun. 

insh^havlngdlmeask)nsof6.0mm(0.236in)by7.0nim ^ HEDRCX^EL® is preferred because it provides die advan- 

(0.276 in). Sinrilariy, die vascularization opwiing 25 is tages of bodi metal and cffantic in^lants witiiout die 

rectangularwididimaisionsof4.0imn(0.157in)by3.0mm correspondhig disadvantages. HEDROCEL is well suited 

(0197 in). Naturally, diis opening is smaller because it is for die interbody fiision device of die present invention 

di^sed at die smaller postserior end 13 of die device 10. because it mimics ttie structure of bone and has a modulus 
The bone ingrowdi slots 27 arc also rectangular in sh^ 65 of elasticity diat approximates diat of human bone. The 

wifii a long dimension of 20.0 mm (0.787 in) and a widdi of interconnected porosi^ encourages bone ingrowdi and 

6.0 mm (0.236 in). It has been found diat these dimensions eliminates dead ends which limit vascularization of die 
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bonc^ The infiltrated metal film pfovidcs strength and stiff- surface 55 of the tongs 54 reside generally flush with the root 

ness without si^ifficant wa0A increase. A HEDROCEL® diameter of the intemipted threads IS. As seen in FIG. 11, 

inq>lant is sufSdently strong to maintain the intervertefaral (he ioteilockiag fingers 58 can be arranged to fit within the 

space and Domial curvature of the spine at theinstnunented vascularization opening 24 on eadi of the truncated side 

motion seginenL At the same time, stress shielding is ^ walls 22. In a similar fashion, the ddving projections 59 

avoided. This con^site m^^*^^^ is also advantageous engage the driving tod slots 29 at the anterior end 12 of the 

because it eliminates die need for aUografts or autografts. conical body 11 The combination of the interlocking fing^ 

One additional advantage of to material is that it does 58 and driving projections 59 firmly en^ge the imobody 

not undergo resorption. This prevents eady degradation f^^^ ^ '^iSIPl,*^!^*^ 

uuuwjjw i^o^Myuyu. Miua yi^vt^uta wu*j u^^ux^u. ^ Xaoocd COT untappcd openmc in the vertrtsral bone; 

whKh can mhihit bone regeneration. A non-resorbablc ,^ ** w^i^u «i uuia^^ . , VjIT^ • 

Z^t'bel^SS^^^ inSTo^^rdrf^^^^^ 

m^ not be adnwed Disadvantages ^^cmanent, nonre- sufficient to reach into the intradiscalgKioefi^ 

sorbable mplants, however, are avoided becau^ of tiie Comiected to the end of shJw is a head which 

exceUent hioconq)atibiHty and osteoconductivity of the J^^^ a pair of opposite tongs 93, each of which are 

«™q)osite. configuredfe flush ccHitactwitiitheflattiuncated side walls 

While HEDROCEL® is prefored, it is contemplated fiiat 22 of the fimon device 10. like the tongs 54 of the 

any suitable hi^ strength parous material may be used. previously described inqdant driver 50, &e outer surface of 

Other open-cdlcd substrates and metals aie conten^lated. the tongs is cyHhdrical to ccaespood to tiie cylindrical 

For example, the substrate may be other carbonaceous threaded portion the device. 

materials, sudt as gr^ihite, or ceramics, such as tricalcium UnHkctheinqiilantdrivcr 50,thedrivcr90of theembodi- 

phosphate or caidum aluminate. Any suitaUe metal is 20 ment in FIG. 12 uses an esqianding collet asseinbly to firmly 

contemplated, but Group VB elements, such as rantatinn and the fusion device 10 for insextion into the body, 

niobimn, and their alloys, are pref erred. Ttotalum is par- SpedflcaUy^ the head 92 defines a coUet 94 having a central 

ticuUdy preferred for its good mechanical properties and conetboro95f€nned1hcfedirough.TheccUet94t£xniinates 

tdoc omparibntty . in an annular flange 96 that at least initially has a dfflmfltnr 

llieiiitertx)dy fusion device 10 can be implanted using an 2s sHghtly sniaUerttian the inner dianoteter of the fusion device 

instant driver 50, shown in FIG. 9, accocding to one aspect 10 at its end 12. An expander shaft 97 slidahty extends 

cf the invention. The implant driver 50 is comprised of a through the collet bore and includes a flared tip 96 situated 

shaft 51 and sleeve 52 concentrically di^sed about the adjacent and extending just beyood tfie annular flange 96. 

shaft Ibngs 54 are fanned at one end of the shaft for T1ieflaredt^98offiie expander shaft 97 starts at a diameter 

gc^ing the interbody fusion device 10 for ixzqdantation. 3Q sized to slide wittiin die ooUet base 95 aad gradually flares 

The tongs indude a tapered outer surface 55 and an opposite to & diameter larger than tike boce. 

flat inner surface 56 adqyted to engage the truncated side . xbe impiatit ddvcr 90 includes a poller diaft 99 slidafaly 

walls £2 of the Interisody fusion deviocL TI1C tapered outer disposedwitfainabare 100 defined in the dmft 91. Ibe puller 

surface 55 conforms to the root diamrtrr of the interrupted shaft 99 has a locldngcbainber 101 at its end which engages 

threads 19 so that the tongs 54 essentially cosnpletB the full « loc^g hi^ 102 fixmed at the end of the wipamkT shaft 

cylindrical stupe of the body wan 16. The ad^atfon of the ^ 97. Tlic poller shaft 99 irojccts beyond the end of shaft 91 

tmig's t!^>ered carter snrfiice SS fmiUtates screw insertion cf for access tike surgeon. When the pnDer shaft 99 is pulled, 

the interbody fusion device 10 since the outer surface 55 will it puUs the expander shaft 97 away from the annular flange 

ride within the tqiped bore in the vertebral endplates. 96 of die collet 94 so that the flared tip 98 becomes 

Eadiofthe tongs is provided with interlockiiigfingaa 58 progressively engaged witiiin tiie coQct bore 95. As the tip 

and a driving projection 59 extending ftom the inner surface ^ 98 advances further into the bcre 95, the ammlar flange 96 

56. The fuDi^ioD of these components is shown more deariy oqpands from its initial diameter to a larger second diameter 

withrcfereiuxtoFIG.n.RcicningfirsttoF]0.9,tikeah^ sufBcsent for fizmi gripphig contact witi& the interior of the 

51 defines a htnge sk^ 62 supporting each of tiie pair of fusion device 10. Vfi&t tiie fusion device so «^g*ff^, tiie 

tongs 54. The hinge dot 63 is configured so that the tongs implant driver can be osed to insect the device 10 into the 

will have a naturally biased position spread sufficiently sjpsat as surgical site, after which the expander shaft can be advanced 

to accept the tapered interbody fusion device 10 tbcrebe- beyond the collet bare to release the flared tip and, 

tween. The shaft 51 defines a conical taper 63 between ttie consequently, tiie fiision device; 

hinged slot 62 and each of tiie tongs 54. This conical taper In accc«lancewifii the pres«it invention, two methods for 

mates witii a conical chamfer 67 defined on the inner wall of inQ>lanting the interbody fusion device 10 are CQntenqdated. 

ti^ sleeve 52. Thus, as the sleeve 52 is advanced toward the first, witii refiErence to FIGS. 12(a)-12(d), an anterior 

tongs 54, the conical diamf er 67 rides against the conical approach is dicrwiL As a preliminary step, i is nece ssary to 

t^ 63 to dose or con^xress the Unge slot <&2. In tiiis locate a^iogdm starting points f cr inq>]anting tiie fusion 

manner, the tongs 54 are poshed toward each otiier and device, preferably tnlaterally. In the first stq> of the anterior 

pressed into gr^jpingcngaganent witii tiie interi>o(lyfi^ ^5«oach, a dilator 75 is disposed between tiic vertebral aid 

device situated b^ween |lie tong^ ^ plates E to cfilate the disc space between the L4 and L5 

The shaft 51 and sleeve 52 are provided witii a tineaded vertetae. (ft is understood, of course, tiiat this procedure 

interface 65 which permits tfic sleeve 52 to be threaded np can t>e ^)plied at otiter vertebral levels). In the second st^ 

and down the length the shaft Specifically, the tiireaded shown in HQ. 12(&), an outer sleeve 76 is disposed about tiie 

interface 65 indodes external threads on the shaft 51 and disc space. The outer sleeve 76 can be cf a known design 

internal threads on the sleeve 52 having the same pitdh so that is configured to positively engage tiic anterior aspect of 

that the sleeve can be readily moved vp and down the ^ tiie vertebral bodies to firmly, but temporarily, andior tiie 

Inplant driver 50. The shaft 51 is also provided with a pair oater sleeve 76 in poisition. In essence* this outer sleeve 76 

of stops 69 which restrict the tiackward movement of the operates as a wooing dumnel for tills l^noscopio-type 

sleeve 52 to only tiie extent necessary to allow the tongs 54 approach. In this stq> of HO. 12(&), a drill 77 of known 

to separate a sufficient distance to accept the intert>ody design is extended through the outer sleeve and used to drill 

fusion device 10. 6S out circular openings in ttie adjacent vertebral bodies. The 

The use of the inphmt driver 50 is shown witii refierence openings can be tapped to fedtitate screw inserticxi of the 

to HQS. 10 and 11. As can be seen in HQ. 10, the outer fusion device, although this step is not necessary. 
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Id the next stq> shown in FK}. 12(c), the fusion device 10 
is engaged by the inqdant driver 50 and extended through 
Hit outer sleeve 76 until Ae starter thread 19 contacts the 
bone opening. Hie implant driver 50 can dien be used to 
screw thread the fusion device into the tapped or untapped 
opening formed in the vertehral end plate E. It is understood 
that in tills step, other suitable driving tools could be used, 
such as a screv^ driver type device to engage the driving tool 
slots 29 at the anterior end 12 of the device 10. As discussed 
previously, &e degree of insertion of the fusion device 10 
determines the amount of lordosis added or restored to tiie 
vertebral IcveL In the final stq>) the tn^lant driver is 
removed leaving the fusion device 10 in position. B can be 
seen that once implanted, the closed end wall 17 is directed 
toward the posterior aspect of the vertebrae. The hollow 
interior 15 is open at its anterior end, but can be dosed by 
a idastic or metal material, if necessary. 

In a second inventive method, as depicted in FIGS. 
13(a)-13(d), a posterior ^>proadi is in^emented. The first 
two stq>8 of the posterior iq>pioach are similar to that of the 
prior anterior qiproach, except that the dilator 75^ outer 
sleeve 76 and drill 77 arc introduced postcriody into the 
instrumented regioa. This apgnacti may require decortica- 
tion and removal of vertebral bone to acospt the outer sleeve 
76. In the third step of this method, the fusion device 10 Is 
inserted through the outer sleeve 76 into the dilated disc 
space. It is understood that the disc space is dilated only to 
ttie extent necessary to receive the implant with the trun- 
cated side waUs 22 directly facing die vertdsal end plates E 
Thus, as shown in FIG. 13(c), the bone ingrowth slot 27 is 
feeing laterally, rather than coronally, as expected for its 
final in^lanted posMorL A suitable driving tool 80 can be 
provided to projecl the fusion device 10 through the outcx 
sleeve 76 and into the intra-discal space. In one 
enobodiiDent, the driving tool 80 Indndes a projection 81 
wfaicli is configured to engage a slot opraing f earned in the 
end wall 17 at fite posterity end 13 of the f^xm device 10. 
An internal thread (not shown) can be used to fix the device 
10 to the driver 88. 

Once the fusion device 10 has been advanced into the 
intra-discal space to the q)propriate d^jth relative to the 
psvot axis P of the vertebrae, the driving tool 80 is used to 
rotate the implant in tfacf direction of the rotational arrow R 
in FIQ. 13(c). As the driving tod 80 is rotated, the device 
itself rotates so that the intem^Jted threads 18 start cutting 
into the vertebral bone at the end plates R In this manner^ the 
inqpJant operates as a cam to separate the acQacent vertebrae 
in the direction of the spreading direction acrows S in FIG. 
13(C). This camming approach provides a some^^ easier 
insisrtion procedure in that a single rotation is required to 
lock the inqdant into ttt vertdsral bone. In contrast, the 
fcnneriy discussed screw insertioo technique lequiFes con- 
tinuous threading of the device ioto position. 

V/iJh dther technique^ the po siiion of the fusion device 10 
with respect to the adjacent vertebrae can be verified by 
nufiognph or other suitable tedmiques for ftfifahUftWug tfa« 
angular rdationsti^ t>etween the vertebrae. Alternatively, 
the preferred dqilh of insertion of the inylant can be 
determined in advance and measured from outside the 
patient as the in^ilant is positioned between the vertd)rae. 

It can be seen that the inteibody fusion device 10» inq^lant 
driver 50 and techniques of the present invention provide 
significant advantages over the prior devices and techniques. 
S^iedfically^ the fusion device 10 provides a hollow threaded 
in^ilant that maximizes the potential for bony fusion 
between adjacent vertebrae, v^iile maintaining the integrity 
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of the inqilant itself. It is understood that tlie spine endures 
significant loads along its axial length, which loads must be 
supported by the fusion device 10 at least until solid fiislon 
is achieved Hie device 10 also provides means for vascu- 
5 larization and tissue ingrowdi to occur whidi speeds up the 
fiislon rate and enhances the strength of the resulting fused 
bony mass. Another significant aspect is ttiat the tapered 
shape of the implant allows the surgeon to restore and 
maintain the proper curvature or relative angle between 
vertebral bodies. This avoids die significant prd)lems asso- 
ciated with prior devices in which product deformities arise 
and the spine, goes out of balance. A further advantage 
achieved by the device and its implant driver is the de- 
bility for insertion either anteriody or posterioriy using a 
laproscopic approash. Dqpending upon the vertebral level, 
IS either approach may be preferred, so it is inyxHtant that the 
implant be adapted for insertion from dther direction. Con- 
trolled insertion of the device is provided by the screw-in 
technique used for anterior insertion (vs. pounding in) and 
for the slide-in and cam method used fof tlie posterior 
20 technique. 

Whfle the invention has been illustrated and described in 
detail in the (kawings and forgoing descr4[»tion, the same is 
to be considered as illustrative and not restrictive in 
character, it being understood tiiat only the preferred 

23 embodiment has been shown and described and that all 
changes and modifications that come within the spirit of the 
invention are desired to be protected. For exanq>le, while the 
device 10 has been disclosed for use in die spine, tiie 
stmctuFe and procedures the present invention can also be 
used in other joint qiaoes, sudi as ttie ankle, wrist and 
subtalar joiats. Moreover, while the device 10 of tiie pre- 
ferred embodiment is shown t^red along its entire l&i^:tfa, 
it is Gonteniplated that a non-tapered or reverse tapered 
section can be added with tiic resulting device still falHng 
within die scope of the inveoticHL 

33 Whatisdaimedis: 

1. A fusion device for fiuilitating arthrodesis in die disc 
space bet w een ac^accnt vertebrae, comprising: 

an dongatcd body having a lengtii, a first diameter at a 
first end and a larger second diameter at a second end 
^ opposite said first end, said first and second diameters 
sized to be greater than the space between the adjacent 
votebrae; 

said body having an outer surface that is substantially 
continnoasly tapcKd from said first end to said second 
^ cad with external threads defined on said outer surface 
and extending si^>stantially cntiidy along said lengtii 
of said bo<fy. 

2. The fusion device according to daim 1, wfacrdn said 
bocty is fonned of a porous biocompatifale material to penmt 

50 bone ti^ue ingrowth hito the device. 

3. The fusion device according to daim 2 wherein said 
material is a compodtc cop^ttisiqg an opcn-ccMed substrate 
having interconnected porosity, said substrate infiltrated 
with a m^aL 

S3 4. The fusion device according to daim 3 wherdn said 
substrate is a carbonaceous matfrgal 

5. The fusion device according to daim 4 wherdn said 
substrate is a carbon foam. 

6. The fusion device according to daim 3 wherein said 
metal includes a group VB m^aL 

7. The fusion device according to daim 6 wherdn said 

metal is tantalnm 
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